This article summarizes a symposium held at the 2002 Annual Meeting of the Research Society on Alcoholism (RSA) in San Francisco, California, and was prepared on behalf of the symposium participants by the symposium coorganizers/co-chairs. Prior research with both clinical and non-clinical populations indicates a high co-morbidity between alcohol use disorders and pathological gambling. This symposium involved a set of papers in which exciting new research on this form of co-morbidity was presented. The studies spanned populations of problem gambling help line callers, problem gamblers attempting to recover, and community-recruited gambler research volunteers. The studies used methodologies ranging from questionnaire and interview to lab-based paradigms (i.e., cognitive and alcohol challenge). Study designs ranged from cross-sectional to longitudinal, and from correlation to experiment. The symposium highlighted novel approaches that researchers are using to enhance understanding of functional relations that may underlie this common co-morbidity.
those individuals meeting diagnostic criteria for a GD also met criteria for a lifetime history of an AUD. This rate is much elevated when compared to the 14% lifetime prevalence of AUD in the general population (Robins, Locke, & Regier, 1991) There are several possible ways in which the GD and AUD may be related to one another. First, it may be that the GD causes the AUD. For example, those with a GD may abuse alcohol to self-medicate for the distress caused by the negative consequences of their problem gambling behavior, leading to development of an AUD. Second, it may be that the AUD causes the GD. For example, the heavy, uncontrolled alcohol intake of an individual with AUD might lead to increased risktaking during gambling which might result in the development of a GD. Finally, a common third variable(s) may contribute to the development of both GD and AUD causing an apparent association between the two disorders. Such possible third variables include a common genetic vulnerability for AUD and GD (Slutske, Eisen, True, Lyons, Goldberg, & Tsuang 2000) , or both disorders involving dopamine Alcoholism -Pathological Gambling Co-Morbidity 5 system dysregulation resulting in increased susceptibility to reward motivation (Potenza, 2001; Stewart, Loba, Blackburn, Ellery, & Klein, in press ). Grant, Kushner, and Kim (in press) have noted that disordered gambling and alcohol use may be related not only at the syndrome-level (i.e., co-morbid AUD and GD diagnoses), but also at the event-level (i.e., the co-occurrence of gambling and drinking behavior). While AUD and GD diagnoses are highly co-morbid at the syndrome level, it is still the case that the majority of those with GD do not meet diagnostic criteria for AUD (e.g., Cunningham-Williams et al., 1998) . Nonetheless, emerging data from the event-level of analysis suggest that most gamblers drink alcohol while gambling. A Canadian survey showed that 74% regular video lottery terminal players reported drinking alcohol while gambling (Focal Research, 1998) .
Similarly high rates of alcohol use during video lottery terminal play were more recently obtained in an observational study of regular gamblers (Stewart, McWilliams, Blackburn, & Klein, 2002) .
This symposium involved a set of papers in which exciting new research on GD -AUD co-morbidity was presented. It was intended to stimulate discussion on this topic within the context of the alcohol research community. The presented studies spanned populations of problem gambling help line callers, problem gamblers attempting to recover, and community-recruited gambler research volunteers. The studies used methodologies ranging from questionnaire and interview to lab-based paradigms (i.e., cognitive and alcohol challenge). Study designs ranged from cross-sectional to longitudinal, and from correlation to experiment. The papers included in this symposium demonstrate that research in this Alcoholism -Pathological Gambling Co-Morbidity 6 area is now moving beyond simply establishing rates of co-occurrence at the syndrome and event level, to investigating possible functional relations that may explain this form of co-morbidity. The symposium also highlights the novel approaches that are being used to investigate these potential functional relations.
Presentations made by each of the speakers at the symposium are summarized in turn.
M. N. Potenza, M. A., Steinberg, S. McLaughlin, R. Wu Dr. Marc Potenza presented the results of a study that was designed to use information from a gambling helpline to identify characteristics that distinguish problem gamblers with self-reported co-morbid alcohol use problems from those problem gamblers who do not have co-morbid alcohol use problems. Data from gambling helpline callers can provide information regarding the characteristics of problem gamblers using the service. Such data complement information obtained from general population and treatment samples and can help guide and enhance prevention efforts. Participants in the present study were 960 consecutive callers to the Connecticut Council on Problem Gambling (CCPG) Gambling Helpline who reported having a gambling problem and who called for help with a gambling problem. These callers also provided information on their alcohol use and alcohol problems.
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Eighteen percent of these problem gambler helpline callers (173/960) reported a current or past problem with alcohol use: 14.9% reported a past problem and an additional 3.1% reported a current problem. Self-reports of alcohol use when gambling differed between the groups (χ 2 (df = 2) = 48.9, p < .005). While the majority (56.7%) of those with a current alcohol problem reported using alcohol "every time" or "most times" when they gamble, only 3.9% and 12.0% of those with a past alcohol problem and those without any lifetime history of alcohol problems, respectively, reported consuming alcohol "every time" or "most times" when they gamble. Only 6.7% of those in the current alcohol problem group reported "never" drinking while gambling.
A logistic regression was performed with 10 categories of predictor variables in an attempt to identify variables that could distinguish problems gamblers with from those without co-morbid alcohol use problems. The categories of types of gambling, financial problems, and types of debt did not contribute significantly to the model. The seven categories of variables that did contribute significantly were demographics (C 2 (df = 8) = 32.7, p < .0005), gambling patterns (C 2 (df = 2) = 10.6, p < .01), gambling-related psychiatric symptoms (C 2 (df = 3) = 13.1, p < .005),
gambling-related problems (C 2 (df = 4) = 37.7, p < .0005), drug problems (C 2 (df = 2) = 97.5, p < .0005), self-help and treatment (C 2 (df = 3) = 346. The findings of this study suggest that problem gamblers with co-morbid alcohol problems do differ from those problem gamblers without a co-morbid alcohol problem. Those with alcohol problems appeared to have a more severe gambling problem than those without alcohol problems, consistent with the possibility that alcohol misuse might exacerbate gambling problems. Those with alcohol problems also appeared to have more disturbances outside of the areas of gambling and drinking problems (e.g., suicidal behavior, drug problems). In short, the findings suggest a more severe clinical picture among problem gamblers with comorbid alcohol problems relative to problem gamblers without co-morbid alcohol problems. More specifically, the pattern of results suggests that problem gamblers with alcohol use problems may be characterized by more impaired impulse control.
Clinicians should be made aware of these differences and of their implications for treatment (e.g., the importance of assessing for suicidal ideation among problem gamblers who present with co-morbid alcohol problems). Although prior research shows that most gamblers drink alcohol while gambling (e.g., Focal Research, 1998; Stewart et al., 2002) , the functional relationship between particular gambling events (e.g., wins, losses) and alcohol use remains unknown. Dr. Martin Zack presented the results of a study which examined priming of alcohol cognition by gambling gain and loss events among gamblers with differing histories of drinking in response to these events. A stronger tendency to drink following a particular gambling outcome (win, loss) was predicted to coincide with a stronger association between that outcome and alcohol in memory, resulting in greater priming on an implicit association task (IAT; Greenwald, McGhee, & Schwartz, 1998) .
In response to criticisms regarding the various limitations of self-report methods in the study of cognitive-motivational processes, Greenwald and Banaji (1995) developed the IAT as a method for studying 'implicit cognitions' or cognitions that occur automatically, and outside an individual's conscious awareness. The IAT is a categorization task that offers a methodology for indirect assessment of the relative strength of associations between concepts. Participants are asked to sort stimuli into four categories using two response keys and to perform this categorization as quickly as possible. Two of these categories are the "targets" (e.g., stereotypical Black and White names on the racial IAT) and the two other categories are the associates of the targets (e.g., positive and negative attributes in Alcoholism -Pathological Gambling Co-Morbidity 10 the racial IAT) (Greenwald et al., 1998) . In the critical phases of the IAT, target words and associates are mixed (e.g., White name or a positive attribute: press right;
Black name or a negative attribute: press left). On the IAT, reaction times are facilitated when strongly associated concepts share the same response key (e.g., when "white name" and "positive attribute" share a categorization response on the right key). Conversely, reaction times on the IAT are slowed when the concepts that share a similar response key are only weakly associated or dissociated (e.g., when "black name" and "positive attribute" share a categorization response on the right key). The reaction time difference between these two critical phases (e.g., White name or a positive attribute: press right and Black name or a negative attribute: press left versus Black name or a positive attribute: press right and White name or a negative attribute: press left) is referred to as the 'IAT effect'. For example, in the racial IAT example, a large IAT effect indicating a substantially facilitated reaction time in the condition where White-positive and Black-negative are paired relative to the condition where Black-positive and White-negative are paired indicates a strong implicit racial attitude. This implicit attitude involves automatic cognitive associations between White race and positive attributes (Greenwald et al., 1998) .
Only one previous study has used the IAT in applications to addictions (i.e., Wiers, van Woerden, Smulders, & de Jong, in press ).
In the IAT study by Zack and colleagues, participants were 154 communityrecruited problem gamblers who reported usually drinking alcohol when they gambled (i.e., drinking at least half the times they gambled). Problem gamblers were identified using cutoff scores on the South Oaks Gambling Screen (SOGS; Lesieur Alcoholism -Pathological Gambling Co-Morbidity 11 & Blume, 1987). On Zack and colleagues' version of the IAT, gamblers were asked to sort word stimuli into four categories, using two response keys, as quickly as possible (cf. Greenwald et al., 1998) . The two target categories were alcohol (e.g., vodka) and no alcohol (e.g., lemonade). The other two categories (associates to the targets) were gambling gains (e.g., winnings) and losses (e.g., bankrupt). In this version of the IAT, a large IAT effect indicating a substantially facilitated reaction time in the condition where alcohol-gain and no alcohol-loss are paired relative to the condition where no alcohol-gain and alcohol-loss are paired indicates a strong implicit cognitive association between gambling wins and alcohol concepts.
Conversely, a large IAT effect indicating a substantially facilitated reaction time in the condition where alcohol-loss and no alcohol-gain are paired relative to the condition where no alcohol-loss and alcohol-gain are paired would indicate a strong implicit cognitive association between gambling losses and alcohol concepts.
Participants also reported on their history of drinking in response to gambling wins/losses. Specifically, each participant was asked: (1) "When I win at gambling, I
am (a) much more likely to drink alcohol, (b) much less likely to drink alcohol, (c) neither more nor less likely to drink alcohol"; and (2) "When I lose at gambling, I
am (a) much more likely to drink alcohol, (b) much less likely to drink alcohol, (c) neither more nor less likely to drink alcohol".
With respect to the self-report data, the sample demonstrated an increased likelihood to drink when they won, and when they lost (relative to when they were not gambling or when they were gambling and were neither winning nor losing).
The majority of subjects said they were more likely to drink when they won. Of Alcoholism -Pathological Gambling Co-Morbidity 12 these, about half said they were also more likely to drink when they lost. With respect to cognitive task performance, data analyses indicated an IAT effect involving facilitated reaction time in the condition where alcohol-gain and no alcohol-loss were paired relative to the condition where no alcohol-gain and alcoholloss were paired. As predicted, this IAT effect was moderated by win-based drinking history. Specifically, the priming effects of gain (gambling win) concepts on implicit alcohol cognition was significant only among those gamblers reporting a history of drinking in response to gambling wins. Contrary to hypothesis, history of loss-based drinking did not moderate priming of alcohol concepts by exposure to loss cues on the IAT. The priming effects on the IAT indicate that gain-related gambling events are more closely linked with alcohol in memory than are lossrelated gambling events in problem gamblers. The association between gambling gains and alcohol is strongest in gamblers who report that they are more likely to drink when they win. Together, the findings suggest that gambling wins can automatically activate alcohol cognitions in problem gamblers with a history of drinking in response to wins. Such activation could further promote drinking by biasing decisions or overt behavior toward alcohol and away from alternative stimuli (e.g., non-alcoholic beverages) in an automatic (i.e., pre-conscious, involuntary) manner. Thus, activation of an alcohol memory network by positive gambling outcomes (or the anticipation of these outcomes) may be one process that contributes to co-morbid problem gambling and alcohol misuse. Prior research shows that most gamblers drink alcohol while gambling (Focal Research, 1998; Stewart et al., 2002) . Doctoral candidate Michael Ellery presented the results of a study that tested whether alcohol increases risk-taking during video lottery terminal (VLT) play and whether the hypothesized effect of alcohol on risktaking is particularly strong among pathological gamblers.
Forty-four participants were designated either pathological gamblers or nonpathological gamblers (n = 22 per group) on the basis of responses to the South Oaks Gambling Screen (SOGS; Lesieur & Blume, 1987) . Gamblers from each group were randomly assigned to either an alcohol or control beverage condition (n = 22 per condition). This resulted in a sample size of n = 11 for each cell in the 2 x 2 (gambler group x beverage condition) between-subjects design.
Since this study was not designed to test expectancy effects, all participants were accurately informed of their beverage condition. The alcohol dose was 1.55 ml 50% USP units of alcohol/kg body weight for men (1.29 ml/kg for women), mixed 1:4 parts alcohol to orange juice. The dose targeted a peak blood alcohol concentration of 0.06% --a dose which was chosen to match the moderate levels of alcohol intake during VLT play reported by regular gamblers in the Focal Research 
D. C. Hodgins, & N. el-Guebaly. The Influence of Alcohol Abuse and Dependence on Outcome from Pathological Gambling: 12-Month Follow-Up.
Although it is well-established that substance use disorders and mood disorders are commonly co-morbid with pathological gambling (Crockford & elGuebaly, 1998; National Research Council, 1999; Welte, Barnes, Wieczorek, Tidwell, & Parker, 2001) , little is known about the impact of these co-morbid disorders on the etiology and course of the gambling disorder. For example, does Alcoholism -Pathological Gambling Co-Morbidity 15 co-morbid alcoholism increase the rate of relapse to gambling among those attempting to recover from a gambling disorder (e.g., through reduced vigilance on the part of the gambler)? Dr. David Hodgins presented the results of a prospective study assessing the impact of co-morbid alcohol disorder as well as other drug and mood disorders on success in natural recovery from pathological gambling.
A community-recruited sample of 101 pathological gamblers (36% female) that had recently quit gambling was followed for one year. The sample was recruited from the media to avoid sampling bias created when sampling from treatment programs. Only 25% of the sample was currently involved in treatment or Gamblers
Anonymous groups. The mood disorder and substance use disorder modules of the Structured Clinical Interview for DSM-IV (SCID-IV; Spitzer, Williams, & Gibbon, 1994) were administered at baseline. Each interview was audio-taped and reviewed by a second rater to ensure reliability and validity. Overall, 7% of the sample met criteria for current alcohol abuse or dependence whereas 72% reported a lifetime disorder. Similarly for other drug use disorders, current and lifetime rates were 7% and 48%, respectively. In terms of mood disorders, current disorders were found in 20% and lifetime disorders in 60%.
Follow-up interviews occurred at 3, 6, and 12 months after the initial interview. Collaterals, mostly family and friends of the participants, were used to confirm gambling self-reports. Of the 101 participants, 80 were interviewed at 12 months and one was deceased (80% retention). Forty percent of participants achieved three consecutive months of abstinence from gambling over the 12-month follow-up period. Cox regression survival analysis assessed the impact of coAlcoholism -Pathological Gambling Co-Morbidity 16 morbidity on the time (in weeks) to achieve three months of continuous gambling abstinence. Three months of continuous abstinence was chosen to represent some degree of stability in recovery. A set of lifetime variables was entered into the model followed by a group of intake (current status) variables. The lifetime variables included: lifetime alcohol use/dependence, lifetime drug use/dependence, lifetime mood disorders, the South Oaks Gambling Screen (SOGS; Lesieur & Blume, 1987) lifetime score and past treatment involvement. The intake (current status) variables included: current substance abuse/dependence, current mood disorder, and current treatment involvement. Time to recovery was significantly predicted by this set of variables (χ 2 (df = 8) = 25.6, p < .001, R 2 = .14). At the univariate level, the three significant predictors were current treatment involvement, lifetime mood disorders, and current substance abuse. Participants receiving current treatment were 63% more likely to achieve three months of stable abstinence by the 12 month follow-up than others. Those without a lifetime history of mood disorder were also 2.3 times more likely to achieve three months of stable abstinence by the 12 month follow-up than others. Finally, current substance abusers were 66% more likely than those without current substance abuse diagnoses, to attain three months of stable abstinence by the 12 month follow-up.
It was surprising that current substance abuse predicted better outcome from the gambling problem. Upon further investigation, it was found that the majority of these current substance abusers either quit or cut back their use to non-problematic levels over the course of the one-year follow-up. This suggests the intriguing possibility that tackling gambling problems and substance abuse simultaneously may Alcoholism -Pathological Gambling Co-Morbidity 17 lead to better outcomes. Nonetheless, the small sample size of pathological gamblers with current substance use disorders at intake means that this finding should be interpreted cautiously until it is replicated with a larger sample. The mechanism underlying this unexpected but intriguing effect requires further investigation.
Discussion Theoretical and Practical Context of the Comorbidity Issue
The studies presented can be usefully organized around practical and theoretical issues central to the comorbid intersection of GD and AUD. On the theoretical side, we can model the causal pathways that hypothetically link these disorders. Does GD cause AUD or visa versa? Either of these cases implies that the disorders represent separate taxons that have a causal relationship. Alternatively, GD and AUD may both be caused by a third variable. Interestingly, this model could operate both in the case where the two disorders are separate taxons (e.g., stress
could trigger the separate disorders) or different manifestations of the same underlying taxon (i.e., a single genetic spectrum).
We also want to consider the studies presented in the context of their practical applications. In terms of prognostic value, for example, does having a comorbid disorder predict a poorer response to treatment of the index disorder and, related to this, does having the comorbid disorder alone increase risk for later development of the index disorder? Should the latter question be answered in the affirmative, the obvious prevention issue is raised: Does treating the comorbid disorder reduce the risk for later development of the index disorder? In what Alcoholism -Pathological Gambling Co-Morbidity 18 follows, we attempt to place the findings from each of the studies presented within the context of the theoretical and/or practical areas reviewed to which it best applies.
Theoretical Causal Mechanisms
Ellery and colleagues found that drinking leads to more intensive gambling in those with, but not those without, GD. These findings would appear to provide an experimental demonstration of a mechanism whereby AUD might lead to (or cause)
GD. That is, individuals who drink frequently (e.g., those with an AUD), would be expected to be frequently activating the drinking-induced gambling amplification shown in the study. There is, however, a potential problem with this extrapolated conclusion. Because the effect was only significant for individuals who were already pathological gamblers, a logical inconsistency emerges; that is, the mechanism under discussion could not possibly cause GD if only those with GD are subject to the effect. In other words, we cannot imagine someone transitioning from being a social gambler to being a pathological gambler via this mechanism if the mechanism operates only in the later group. These are intriguing findings which require additional development to determine if their promise in increasing our understanding of comorbidity can be realized. For example, it will be important to determine how specific the effect is to alcohol memories per se. It could be, for example, that winning makes problem gamblers more inclined to eat or to smoke cigarettes as well as drink alcoholic beverages. If this were the case, the strength of the claim that this mechanism plays an important role in comorbidity is (pardon the pun) 'watered down'. Finally, because the mechanism requires that gambling behavior and drinking be paired repeatedly in order that the association between the two can be established, the Alcoholism -Pathological Gambling Co-Morbidity 20 authors must address the inherent circularity in using the mechanism to explain why these two behaviors frequently co-occur. Stewart et al., 2002) . Reasons for this inconsistency need to be clarified and might pertain to sample differences or the manner in which drinking-gambling activity overlap was assessed across studies. For example, the Focal Research (1998) survey study assessed any self-reported drinking during gambling whereas Potenza and colleagues assessed self reports of usually drinking when gambling. Furthermore, the Focal Research (1998) survey and the observational study by Stewart et al. (2002) focused only on VLT players whereas the Potenza study utilized gamblers who engaged in a wide-range of gambling activities. This discrepancy is concerning because the studies by Ellery and colleagues and Zack and colleagues are predicated on the notion that most gamblers drink alcohol while gambling. Although their results are still applicable to those problem gamblers who do drink alcohol while Alcoholism -Pathological Gambling Co-Morbidity 21 gambling, their findings may be less generalizable if only a small percentage of those with a GD usually drink when they gamble.
Regardless of the source of this apparent discrepancy, data from the studies by Potenza and colleagues and Hodgins and el-Guebaly make it harder to imagine how either GD or AUD could serve to maintain the other when, in the majority of cases the two problems are not overlapping in time. To a lesser extent, this observation also appears inconsistent with the idea that one of the disorders initiated the other; however, it is possible that, once initiated, other causal influences take over leaving the caused disorder active whether or not the causal disorder remains active.
A Common Cause for Both GD and AUD Potenza and colleagues presented data indicating that those with both GD and AUD demonstrate multiple impulse control problems and conclude that a common underlying defect may leave individuals prone to develop a wide range of impulse control disorders, including GD and AUD. This thesis is buttressed by several lines of evidence converging on common underlying brain processes and pharmacotherapy responses across a number of impulse control disorders (c.f., Grant et al., in press). Nonetheless, it is noteworthy that risk for multiple impulse control problems in Potenza and colleagues' sample was limited to those GD individuals who also had an AUD. In other words, those with GD alone did not demonstrate the risk for other problems involving impulse control deficiencies. If GD was a homogeneous diagnosis (i.e., a single taxon), we would expect risk for impulse control disorders to be present in various subgroups of GD cases, not just those with Alcoholism -Pathological Gambling Co-Morbidity 22 comorbid AUD. This finding may indicate that GD is, in fact, a heterogeneous diagnosis (i.e., represents multiple taxons) with one distinct subtype stemming from a generic defect in impulse control.
Treatment/Prevention and Comorbidity
Although no studies included here directly evaluated treatment outcome,
Hodgins and el-Guebaly did report the surprising discovery that individuals with GD and AUD (or other substance use disorder) faired better at 3-month follow-up than did those with GD alone. These findings are intriguing and counter-intuitive. In fact, it remains to be seen if this pattern of findings is reliable. The fact that this pattern was observed with fewer than 10 comorbid GD -AUD participants and in the absence of systematic control over the treatment (if any) individuals were exposed to, replication will be needed prior to deciding how to interpret these findings.
Future Directions
The study of gambling as a psychiatric disorder is quite recent.
Investigations of the special problem of comorbidity in gambling disorder are extremely sparse. Research within virtually every methodological domain remains needed to better understand the co-occurrence of GD and AUD. Carefully conducted family studies that control for assortative mating and that include probands with each disorder alone and in combination can allow for the examination of transmission patterns that implicate the operational causal associations. Treatment studies are badly needed to determine the very practical clinical issues relating to comorbidity and treatment outcome. Prospective studies should examine behaviorallevel and diagnostic-level relationships between gambling and drinking over time.
